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Amendments to the Claims: 
In the Claims: 

1 . (currently amended) A method of transmitting and r e c e iving a signal 
having a sequence of symbols through a- at least one channel with tim e r e v e rs e d 
impuls e r e spons e intersymbol interference , comprising the steps of: 

dividing the sequence of symbols to form a plurality of symbol streams; and 

processing the plurality of symbol streams before transmitting each symbol 
stream through a channel wherein processing the plurality of symbol streams 
comprises time-reversin g at least one of the symbol streams, th e original signal; 

transmitting th e tim e r e v e rs e d signal ov e r the channel; ^ 

storing and tim e r e v e rsing th e r e ceiv e d signal. 

2. (currently amended) A method of transmitting a signal of the type 
comprising a sequence of symbols over spaced antennas, or antennas of different 
polarization, to reduce fading and intersymbol interference, comprising the steps of: 

dividing the s e qu e nc e of symbols into two s e qu e nc e s; 

dividing the-a_transmission frame into twe -first and second blocks; 

processing the sequence of symbols in said two s e quenc e s to generate first, 
second, third, and fourth symbol sequences so that some of the symbols in at least one 
of the symbol sequences are time-reversed, some of the symbols in at least one of the 
symbol sequences are complex conjugated, and some of the symbols in at least one of 
the symbol sequences are negated, the third symbol sequence corresponding to the 
first symbol sequence and the the fourth symbol sequence corresponding to the second 
symbol sequence, and; 

during on e of the blocks the first block of the transmission frame, applying one 
processod the first symbol sequence to a first antenna and the oth e r proc e ss e d 
sigfta isecond symbol sequence to a second antenna and during the ether -second b lock 
of the transmission frame applying the oth e r proc e ss e d fourth symbol sequence to the 
first antenna and the on e proc e ssed third symbol sequence to the second antenna. 
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3. (currently amended) 


The method of claim 2 wherein processing the 


sequence of symbols comprises dividing the sequence of symbols to obtain the first 
and the second symbol sequences, processing the first symbol sequence to obtain the 
third symbol sequence, and processing the second symbol sequence to obtain the 
fourth symbol sequence in which all of th e symbols in th e symbol s e qu e nc e of th e on e 
and th e oth e r symbol s e qu e nc e ar e proc e ss e d during said on e block of th e transmission 
fram e applying th e on e unproc e ss e d signal se qu e nc e to th e first ant e nna and th e oth e r 
to th e s e cond antenna, and during th e block of th e transmi s sion applying th e proc e ss e d 
oth e r symbol s e quenc e to th e first ant e nna and th e on e proc e ss e d signal sequence to 
th e oth e r ant e nna . 

4. (currently amended) A transmitter for transmitting signals of the type 
comprising a sequence of symbols over spaced antennas, or antennas of different 
polarization, to reduce fading while handling intersymbol interference efficiently, 
comprising: 

a divid e r for dividing the sequenc e of symbols into two sequences; 

a divider for dividing th e transmission fram e into two blocks; 

a processor for processing the sequence of symbols in said two s e quences to 
generate first, second, third, and fourth symbol sequences so that some of the symbols 
in at least one of the symbol sequences are time-reversed, some of the symbols in at 
least one of the symbol sequences are complex conjugated, some of the symbols in at 
least one of the symbol sequences are tim e r e v e rs e d negated , the third sequence 
corresponding to the first sequence and the the fourth sequence corresponding to the 
second sequence, and: 

means for applying during ene- a first block of a transmission frame the first 
on e processed symbol sequence to a first antenna and the second symbol other 


the transmission frame the fourth applying an oth e r proc e ssed symbol sequence to the 
first antenna and the third applving an yet an oth e r proc e ssed symbol sequence to the 
first antenna. 



sequence to a second antenna and during the othe r a second block in 
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5. (currently amended) The method of claim 3 wherein A m e thod for 
proc e ssing and transmitting a signal comprising a plurality of symbols, th e syst e m 
comprising a first and a second spaced antennas coupl e d to a transmitt e r, said m e thod 
r e ducing th e e ff e ct of fading whil e handling int e rsymbol int e rf e r e nc e e ffici e ntly, 
comprising th e step s of : 

dividing symbols of th e signal into a first and a s e cond symbol str e am wh e r e in 
th e first and s e cond symbol s tr e am s e ach hav e at l e ast two symbols; 
dividing a transmission frame into a first and a s e cond transmission block; 

transmitting the first symbol stream from th e first ant e nna during th e first 
transmission block and transmitting the second symbol str e am from th e s e cond 
ant e nna during th e s e cond transmission block; 

processing the second symbol sequence comprises time reversing, taking th e 
complex conjugating conjugat e form of and negating the second symbol 
sfrea msequence to generate the fourth symbol sequence ; and 

processing the first symbol sequence comprises time reversing and taking the 
complex conjugating conjugat e form of the first symbol strea msequence to generate 
the third symbol sequence. r-and 

transmitting from th e first antenna during th e s e cond transmission block the 
s e cond symbol str e am in th e time revers e d, compl e x conjugat e and negat e d form, and 
transmitting from th e s e cond ant e nna th e first symbol str e am in th e tim e r e v e rs e d and 
compl e x conjugate form. 

6. (currently amended) The method of claim 5-3_ wh e r e in th e m e thod for 
proc e ssing and transmitting a signal furth e r compris e s e ach symbol having a symbol 
valuer-wherein the step of dividing the sequence of symbols further comprises the step 
of assigning symbols to the first symbol stream sequence and the second symbol 
stream sequence such that there is an equal amount of symbols in each of the first and 
second symbol sequences and that correlation between symbols close to each other in 
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each of the first and second symbol sequences is not significantly effected in a random 
fashion with respect to e ach symbol valu e. 

7. (currently amended) The method of claim 6 wherein the step of 
dividing the sequence of symbols further comprises the step of assigning at least one 
training symbol, which is a non-data part of the signal, to each of the first and the 
second symbol str e ams sequences . 

8. (currently amended) The method of claim 7 wherein the step of 
assigning at least one training symbol to each of the first and the second symbol 
str e ams sequences further comprises the step of assigning a number of training 
symbols equal to the-an anticipated delay spread to each of the-abeginning and th e to 
an end of each of the first and the second symbol streams sequences , 

9. (currently amended) The method of claim 5 wherein th e m e thod for 
processing and transmitting a signal further compris e s the first and second antennas 
are replaced by respectively ones of a first and a second group -groups of spaced 
antennas, each group comprising a plurality of antennas that are spaced from each 
other, or differently polarized with respect to each other , wherein the step of 
transmitting a pplying the first symbol sequence to str e am from the first antenna during 
th e first transmi s sion block and transmitting and the second symbol sequence to 
str e am from the second antenna during the first transmission block is replaced by the 
step of transmitting the first symbol stream -sequence from the first group of antennas 
during the first transmission block using a delay diversity technique and transmitting 
the second symbol str e am sequence from the second group of antennas during the first 
transmission block using a delay diversity technique; and 

wherein the step of transmitting from a pplying the fourth symbol sequence to 
the first antenna during the second transmission block th e s e cond symbol str e am in the 
time revers e d, complex conjugate and negat e d form, and transmitting from applving 
the third symbol sequence to the second antenna th e first symbol stream in th e tim e 
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r e v e rs e d and compl e x conjugat e form is replaced by the step of transmitting from the 
first group of antennas using a delay diversity technique during the second 
transmission block the s e cond fourth symbol str e am sequence in th e tim e r e v e rs e d, 
complex conjugate and n e gat e d form , and transmitting from the second group of 
antennas using a delay diversity technique the fes Hhird symbol str e am sequence in-fee 
time revers e d and compl e x conjugate form . 

10. (currently amended) The method of claim 9 wherein th e syst e m for 
proc e ssing and transmitting a signal furth e r compris e s the first and the second groups 
of antennas are spaced away from each other or have different polarizations with 
respect to each other . 

1 1 . (currently amended) fe^A method for receiving and processing a 
sigftal- signals transmitted from a transmitter to a receiver, as in claim 2 comprising the 
steps of: 

receiving the -a first symbol str e ams stream in the-a_first block of a frame ; 
receiving the -a second symbol str e ams stream in Ae-a^second bloc k of the 

frame ; 

time reversing and talcing the complex conjugating conjugate form of the 
second symbol streams to form a third symbol stream in th e s e cond block : and 

filtering the first symbol stream str e ams in th e first block and th e tim e 
r e v e rs e d, compl e x conjugat e form of and the third symbol stream str e ams in th e 
s e cond block to form decoupled outputs. 

12. (currently amended) The method of claim 1 1 wherein the first and 
second symbol streams each comprises first and second portions, the first portion of 
the first symbol stream depending on a first pre-transmission symbol sequence d x (t) 

and a second portion of the first symbol stream depending on a second pre- 
transmission symbol sequence d 2 (t) . the first portion of the second symbol stream 

depending on d 2 (t) , the second portion of the second symbol stream depending on 
1083544-1 8 


Appl. No. 09/833/543 

Amdt. Dated January 20, 2005 

In response to Office Action mailed 10/20/2004 


d x (t) , and the step of filtering further comprises filtering the first and third symbol 


streams using a matched filter according to 




~K{q) h 2 {q~ l ) ' 

>,(0 

_z 2 (0_ 


K{q) -h x {q~\ 



wherein r x (t) and r 2 (t) are the first and third symbol streams, respectively, z } (t) and 

z 2 (t) are the decoupled outputs, where- (q~ x ) is a time discrete lin e ar finit e impuls e 

r e spons e filt e r d e scrib e d as a polynomial in the-aunit delay operator q~\ describing 
the- a first channel associated with the signals transmitt e d ov e r ant e nna 1 from which 
the first portion of the first symbol stream is received, aad-Zufg" 1 ) is a polynomial in 
the unit delay operator q' x , describing a second channel from which the second 

portion of the first symbol stream is received, th e corr e sponding description of th e 
chann e l associated with signals transmitt e d from antenna 2. Th e polynomials h[ (q) 
and h* 2 (q) are polynomials in the-aunit advance operator q r e pr e s e nt th e representing 
effective chann e l channels from which the first and second portions of the second 
symbol stream are received, respectively, e xp e ri e nced by signals that ar e tim e 
r e v e rs e d, transmitted from ant e nna 1 and antenna 2 r e sp e ctiv e ly, and whos e r e c e iv e d 
s e qu e nc e of sampl e s ar e time reversed. Th e signal s i\ (t) and r 2 if) arc the r e c e ived 
and proc e s se d signals of claim 7. Th e s ignal r x (t) is th e s ignal r e c e iv e d during th e first 
block of th e frame and th e signal r 2 (t) is th e signal r e ceived during th e s e cond block 
of the fram e , tim e r e v e rsed and compl e x conjugated. Th e signals z x (t) and z 2 (t) are 
th e output after the match e d filt e ring. Th e signals outputs z x (t) and z 2 (t) are -being 
decoupled in th e s e ns e that z, (t) e»ly-depends on t£j-tf Hhe first pre-transmission 
symbol stream d x (t) and not on the second pre-transmission symbol stream d 2 (t) a 

and z 2 (t) only depends on the second pre-transmission symbol stream d 2 (t) and not 
on the first pre-transmission symbol stream d x (t) . 
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13. (currently amended) The method of claim 1 1 further comprising the 

step of: 

after the step of filtering, estimating the signal in symbol stream d x (t) from 
signal -output z x (/) and symbol stream d 2 (t) from si^al -output z 2 (t) . 

14. (currently amended) The method of claim 1 1 where th e signal each of 
the first and second symbol streams is received by multiple antennas and is combined 
in order to increase fee-signal quality and reduced tho reduce interference-and 
oth e rwis e is proc e ss e d as in claim 7 . 

1 5 . (currently amended) A method system for transmitting data while 
reducing the effects of fading and handling intersymbol interference efficiently 
comprising: 

a transmitting station including: 

(a) -a first antenna and a second antenna; and 

(b) -an encoder coupled to the first and second antennas and adapted to divide a 
signal into a first and a second symbol stream, each symbol stream having a plurality 
of symbols, the encoder adapted to transmit the first symbol stream through the first 
antenna during a first block of a transmission frame, to transmit the second symbol 
stream through the second antenna during a-the first block of a-the transmission frame, 
to transmit through the second antenna a time reversed and complex conjugate form of 
the first symbol stream during a second block of a -the transmission frame, and to 
transmit through the first antenna a time reversed A complex conjugate and negated 
form of the second symbol stream during a- the second block of a- the transmission 
frame. 

16. (currently amended) The system of claim 15 wherein each symbol has 
a symbol value and the encoder is further adapted to assign the symbols to each of the 
first symbol stream and the second symbol stream such that there is an equal amount 
of symbols in each of the first and second symbol streams in a random fashion with 
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r e sp e ct to e ach symbol valu e. 

17. (original) The system of claim 15 wherein the encoder is further adapted 
to assign at least one training symbol, which is a non-data part of the signal, to each of 
the first and second symbol streams. 

18. (currently amended) The system of claim 4^-15 wherein the encoder 
is further adapted to assign a number of training symbols, which is a non-data part of 
the signal, equal to &e-a_delay spread to each of &e-a_beginning and to th ean end of 
each of the first and the second symbol streams. 

19. (currently amended) A system for transmitting data while reducing 
the effects of fading and handling intersymbol interference effectively comprising: 

a transmitting station including: 

(a) -a first antenna group and a second antenna group, each group comprising a 
plurality of antennas; and 

(b) -an encoder coupled to the first and second antenna groups and adapted to 
divide a signal into a first and a second symbol streafflstreams, each symbol stream 
having a plurality of symbols, the encoder adapted to transmit the first symbol stream 
through the first antenna group using a delay diversity technique during a first block of 
a frame, to transmit the second symbol stream through the second antenna group using 
a delay diversity technique during a-the first block of a-the frame, to transmit through 
the second antenna group a time reversed and complex conjugate form of the first 
symbol stream during a second block of a -the frame, and to transmit through the first 
antenna group a time reversed^ complex conjugate and negated form of the second 
symbol stream during a -the second block of a -the frame. 

20. (original) The system in claim 19 wherein the antennas within each group 
are spaced apart from one another. 
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21. (Cancelled) 

22. (currently amended) The system in claim 20 further comprises: 
a first and a second antenna within the first antenna group; and 

the encoder is further adapted to use a delay diversity technique wherein the 
e ncod e r b e gins transmitting the first symbol stream is transmitted from the first 
antenna and after a delay period th e e ncod e r b e gins transmitting the first symbol 
stream is transmitted from the second antenna. 

23. (currently amended) The system of claim 23-19 wherein each symbol 
has a symbol value and the encoder is further adapted to assign the symbols to each of 
the first symbol stream and the second symbol stream such that there is an equal 
amount of symbols in each of the first and second symbol streams in a random fashion 
with r e sp e ct to e ach symbol value . 

24. (original) The system of claim 23 wherein the encoder is further adapted 
to assign at least one training symbol, which is a non-data part of the signal, to each of 
the first and second symbol streams. 

25. (currently amended) The system of claim 24 wherein the encoder is 
further adapted to assign a number of training symbols, which is a non-data part of the 
signal, equal to the-an anticipated delay spread to each of the-abeginning and to th ean 
end of each of the first and the second symbol streams. 

26. (Cancelled) 

27. (original) The system in claim 19 wherein the antennas within each group 
have polarizations different from one another. 
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28. (currently amended) A system for receiving and processing data 
transmitted pursuant to claim 15 or 19 while reducing the eff e cts of fading and 
handling intorsymbol int e rf e r e nce efficiently comprising: 

a r e c e iving station including: 

fa^-an -at least one antenna adapted to receive symbols from a tran s mi ss ion, th e 
transmission divid e d into a first block and a s e cond block, e ach block comprising a 
first symbol stream in a first block of a frame and a second symbol stream in a second 
block of the frame , each symbol stream comprising a plurality of symbols; 

(b)-a combining filter coupled to the antenna and adapted to r e c e iv e symbols 
through the antenna from the first block and th e s e cond block wh e r e in th e combining 
filter g e n e rates form a third symbol stream that is a time reversed and complex 
conjugate form o f the second symbol stream received in the second block; and 

(e)-a matched filter coupled to the combining filter and adapted to r e c e iv e th e 
first block of th e transmission and th e tim e r e v e rs e d, compl e x conjugate form of the 
s e cond block and form a-decoupled first and second etrtput outputs from the first and 
third symbol streams . 

29. (original) The system of claim 28 further comprising an equalizer adapted 
to resolve intersymbol interference in the first and second blocks. 

30. (currently amended) The m e thod system of claim 28 wherein the first 
and second symbol streams each comprises first and second portions, the first portion 
of the first symbol stream depending on a first pre-transmission symbol sequence 

d x (t) and a second portion of the first symbol stream depending on a second pre- 
transmission symbol sequence d 2 (t) , the first portion of the second symbol stream 
depending on d 2 (t) , the second portion of the second symbol stream depending on 
d x (0 , and the st e p of filtering furth e r comprises a matched filter forms the decoupled 
first and second outputs according to 
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'hli_q) h 2 (q- l )~ 

>,(0 




M0 


wherein r x (t) and r 2 (t) are the first and third symbol streams, respectively, z x (t) and 
z 2 (t) are the decoupled first and second outputs, respectively, w here- h x (q~ l ) is a tim e 

discr e te lin e ar finit e impuls e response filter describ e d as a polynomial in the-aunit 
delay operator q~ x , describing the -a first channel from which the first portion of the 
first symbol stream is received, associat e d with th e s ignals transmitt e d ov e r ant e nna 1 
&nd-h 2 (q ~ l ) is a polynomial in the unit delay operator q~ l , describing a second 

channel from which the second portion of the first symbol stream is received, fee 
corr e sponding d e scription of th e chann e l associat e d with signals transmitted from 
ant e nna 2. Th e polynomials h x (q) and h* 2 (q) are polynomials in the-a unit advance 
operator q r e pr e s e nt th e representing effective chann e l channels from which the first 
and second portions of the second symbol streams are received, 
respectivelv e xp e ri e nc e d by signals that ar e tim e r e v e rs e d, transmitt e d from antenna 1 
and ant e nna 2 respectively, and whos e r e c e iv e d s e qu e nc e of sampl e s ar e tim e 
r e v e rs e d. The signals r x (t) and r 2 (t) aro th e r e c e iv e d and proc e ss e d signals of claim 7 . 
Th e signal r x (t) is th e signal r e c e iv e d during th e first block of th e fram e and th e signal 
r 2 (t) is the signal rec e iv e d during th e s e cond block of th e fram e , time reversed and 
complex conjugat e d. Th e signals z x (t) and z 2 (t) are the output aft e r th e match e d 
filt e ring. Th e signals outputs z x (/) and z 2 (t) are decoupled in th e s e n se that z, (t) e»ly 
depends on the first pre-transmission symbol stream d x (t) and not on the second pre- 
transmission symbol stream d 2 (t) ^and z 2 (t) eftly depends on d 2 (t) and not on d x (t) . 

3 1 . (currently amended) The system of claim 30 further comprising: 
an estimator adapted to estimating the first pre-transmission symbol stream 
d x (/) and the second pre-transmission symbol stream d 2 (/) th e signal from the 

decoupled outputs zi(t) and z?(t) . respectively . 
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32. (currently amended) The m e thod of claim 1 1 where the signal system 
of claim 28 wherein each of the first and second symbol streams is received by 
multiple antennas and is combined in order to increase the-signal quality and reduced 
reduce t he-interference and oth e rwi se is proc esse d as in claim 7 . 

33. (currently amended) The system of claim 1 1 or 12 28 further 
comprising an equalizer adapted to resolve intersymbol interference in the first and 
second blocks. 

34. (currently amended) A method for receiving and processing symbol 
sequ e nces signals transmitted from a transmitter in accordanc e with claims 2, 3 or 5 
comprising receiving a plurality of symbol sequences each comprising symbols from a 
plurality of pre-transmission symbol streams, and processing the received symbol 
sequences to generate decoupled outputs each for so that the d e t e ction o f separately 
detecting a different one of the pre-transmission symbol streams d x (t) and d 2 (t) x 
wherein processing the received symbol sequences comprises time reversing at least 
one of the symbol sequences e ffectively d e coupl e into d e t e ction of two separate 
symbol str e ams rath e r than joint detection of two symbol str e ams , th e r e by 
consid e rably simplifying th e d e t e ction . 

35. (New) The method of claim 34 wherein processing the received 
symbol sequences further comprises complex conjugating at least one of the symbol 
sequences , and filtering at least one symbol sequence in its received form and at least 
one symbol sequence in a time-reversed and complex conjugated form to generate the 
decoupled outputs . 

36. (New) The method of claim 34 wherein the plurality of symbol 
sequences are received from one or more channels and comprise known symbols, the 
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method further comprising estimating the one or more channels using the known 
symbols. 

37. (New) The method of claim 1 wherein dividing the sequence of 
symbols comprises assigning symbols in the sequence of symbols to a first symbol 
stream and a second stream such that there is an equal amount of symbols in each of 
the first and second symbol streams and that correlation between symbols close to 
each other in each of the first and second symbol streams is not significantly effected, 

38. (New) The method of claim 1 wherein processing the plurality of 
symbols streams further comprises complex conjugating at least one of the symbol 
streams. 

39. (New) The method of claim 12 wherein the first and second symbol 
streams comprise known symbols, the method further comprising estimating the first 
and the second channels using the known symbols. 

40. (New) The system of claim 30 wherein the first and second symbol 
streams comprise known symbols, the system further comprising a channel estimator 
adapted to estimate the first and the second channels using the known symbols. 

41 (New) An apparatus for receiving and processing signals transmitted 
from a transmitter, comprising: 

means for receiving a plurality of symbol sequences, each symbol sequence 
comprising symbols from a plurality of pre-transmission symbol streams; and 

means for processing the received symbol sequences to generate decoupled 
outputs each for separately detecting a different one of the pre-transmission symbol 
streams, wherein the means for processing the received symbol sequences comprises 
means for time reversing at least one of the symbol sequences. 
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42. (New) The apparatus of claim 41 wherein the means for processing the 
received symbol sequences further comprises means for forming complex-conjugated 
forms of at least one of the symbol sequences. 

43. (New) The apparatus of claim 42 wherein the means for processing the 
received symbol sequences further comprises means for filtering at least one symbol 
sequence in its received form and at least one symbol sequence in a time-reversed and 
complex conjugated form to generate the decoupled outputs, each decoupled output 
depending on a different one of the pre-transmission symbol streams. 
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